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Pz-: experience has shown that there is a great siced to protect the individual combat soldier from
vectos-borne diseases. Because of the unique problems encountered in combar, personal protection of the individual
has proven to be the most practical means of reducing vectored diseases. Many different chemical repeilents and
barrict devices have been used, but all of them have failed to provide the necessary level of protection

Wide mesh netting treated with a “space repellent™ such as diethyl toluamide was found to provide
excellent grotection from biting insects. The netting excluded insects, but allowed air to move in sufficient amoun:s
for good ventilation. Both hearing and sight were improved over old style netting Specific tests on bed nets revealed
that both 100 percent cotton and 50 percent cotton/50 percent polyester fabrics withstood three to five years in
storage with little loss in tensile strength. Exposure to the environment for up te six weeks did not visibly increase
detetioration time Both types of fabric appeared acceptable with respect 2o life expectancy in starage and ficld use. {U)
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An Innovation in Mosquito-borne

Disease Protection

LCDR Roger H. Grothous, MSC, USN*
CAPT Jesse F. Adoms, MC, USN**

Wit the advent of Woild War 11, the American military
establishment found itself pooriy prepared to cope with the
disastrous problem of vector-borne diseases. During the first
Solomon Islands offensive, the 1st Marine Division bad
10,635 casualties from 7 August to 10 December 1942; only
1,472 were from gunshot wounds. Five thousand seven hun-
dred forty-nine men were put out of action by malaria, The
United States Army alvwo suffered great losses to malaria. It is
estimated that the timne Jost by Army combat personnel in
the Pacific Theater amounted to 10,140,372 man dzys. The
United States Navy reported 11,272 cases in its personnel ?

When niilitary commanders realized the magnitude of
their problem, specific steps were taken to break the cycle of
transmission between man and mosquitoes. Malaria contro!
units of different types were established, and entomologists
were quickly located and directed to work on the problem. It
was during this period that military entomology became a
distinct and unique specialty.

The success of military entomology was best attested by
Rear Admiral Lamont Pugh, MC, USN, who said, “the
anti-malaria unit was responsible for the implementation of a
program in the South Pacific which conserved more man-
power and perhaps saved more lives than all the surgeons in
the Armed Forces combined.”” The spectacular results of the
preventive medicine-entomology efiort caused the military
establishment to commission both operational and research
units devoied to protecting US forces from vecior bomme dis-
case.

Reseorch and Drug Theropy

After World War 11, research on insect vectors continued
at a steady pace. American forces were tasked with global
rexponsibilities 2nd were exposed to almost every known vec-
ter-botne disease. Major research effort was directed toward
malaria because of the historical impact of the discase on
military operations, The development of a preventive drug
regimen for malaria was a direct result of continued re-
search. This drug reginen was undoubtedly respunsible for
the virtual nonexistence of melaria in Korea. The savings in
manpower and life in this military conflict more than justi-
fied the cost of the research involved in developing the drug
prophykaxis and suppressant.

Unfortunately, the success of antimalarial drugs sotoewhat
dulled the emphasis on mosquito protection and contro! tech.
niques. Even though most suthorities considered the Culici-
dac to be the single most important family of arthropods in
the weorld, vertor research moved forwazd at a rather roatine
pace with no great degree of urgency.™"' Progress has been
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made in ‘uiitary entomology, but much of the basic informa-
tion has yet o be applied to actual field use. Military ento-
mologists have learned through experience that transmission
of mosquito-borne pathogens is greatly increaxerd in areas ex-
posed to the chaos of combat. It has also been learned that
mosquito-borne diseases are best conirolled by bieaking the
cycle of transmission through control or personal protection.
It cambat jons, medical reserves are heavily commit-
ted and it becomes impossible to “clinically clear” the hu-
man rescrvoir in single host diseases. Considerable progress
has been made in developing control techniques in noncou-
bat situations. However, these techniques have not always
proven acceptable in military situations. Because of the
problems involved in combat sitvations, special equiptment
has been developed to provide the desirable level of control.
Development of acrial spray systems for the rapid treatment
of large arcas is one of the control techniques which shows
much promise for the military establishment.’ The develop-
ment of personal pitection techniques has heen another
means of bresking the transmission cycle of diseases such as
malaria. The most commonly used protective items in the
field have been bed nets and repellents.

Personal Protection Techniques

In the current cenflict in Southeast Asia, the development
of drug resistance by the species Plasmodinm falci~aram has
Cased gieal ahd suGden Impotiaine 0 be placed on the use
of personal protection techniques and mosquite control, The
problem bas been further complicated by the change in the
type of warfare encountered. Area control has proven diffi.
cult without stable “front lines.”” Chemical treatment and
ecological manipulation of breeding areas can not be com-
pletely accomplished without total and continuous access to
e temitory involved. In addition, field personnel have
found it difficult to maintain acceptable levels of repellent on
the exposed pottions of the body, and standard bed and head
nets have been found to be incaavenient and uncomfortable®
Past experiences have shown that the use of nets and protec-
tive clothing is of little value in reducing malatia under pa-
trol conditions.™®

Beginning 1965-66 the Naval Medical Field Rescarch
Laboratory beman placing major emphasis on mosquito-
bomne discase control, with the goal ol solving some of the
problems occutring in Southeast Asia. Consideralile priority
was placed on developing protective devices that would have
a high degree of troop acceptability and still maintain a high
degree of mosquito repelflency, The laboratorys initial
“bieak-through™ occusred when the US Departiment of Agri-
culture, Agricultural Research Setvice Laboratoey at Gaives-
ville. Florida, began reexzmination of their repellent pro-
gram and started a search for chemicals that would be effex-
tive at a distance, These chemicals became known as “space
repellents.” Various ways were devised 10 use the chemicals,
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watting: {C] Catton/polywsier neling

Ut the most promising was with wide meh cotton nettine.*
Presentiy. the most commonly waod moxquite netting has 8-
11 threads7am (2128 mesh/ind. The wide mesh nets cur-
rently being tested are 0.635 am or four mesh/ini. The
standard »>mall mesk netting prohibits the flow of air, inter.
feres with sight and re:fuces hearing, ali of which limits voap
acceplabiliiy. The wide mesh netting concept involves the
utilization of the material in the netting as a reserveir for
the chemizal repellent. which produces a vapor bartier be-
tween the openings. The most successful combination has
been four-mesh cotton netting weighing more than 0.0077
g cm?. The repelients cutrently available have not proven
effective in protecting openings sweaier than 0.655 cm: how-
ever, netting of this type allows air tv move in amounts suff:-
cient for good ventilation.* Because of the advantapes of the
new netting several research groups have been working on
different items, including mosquits net jackets.”

Fy. 1. (A} Wide mesh knolted colon nelting: (8] Stonderd fne mesh

Fig. 2. Head net conirucied of wide meth netimg

Materials and Methods

Tue task of developing practical ficld items using wide
niesh netting involved two research procedures, One sefies of
tesis was needed 1o determine the best 1ype of fabric for use
by the military. The second study was designed to Iocate an
acceptable chemical for use on the nets, The project was or-
ganized o that both test phases interlocked, resultings in sav-
ings of both manpower and time,
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Initial studies revealed that synthetic fabrics were not ac-

TARE 1

ceptable, because they falled to absorb the required volume  grrcTiveness OF NN-DNTHYI-WETA-TOWAMIOE TREATED SED WETS =
of repellent during impregnation.. Sowe work was attemnted AGANST FISID MOSQUITO POMMATIONSS z
with nylon impregnation while the nylon was still in a liquid  — swsm—n o= e = E
state. When this form of treatment was utilized, the repel- Total Total Av. No. Av. No. Yo Cent

len: was rot released and the propsr vapor barrier was not o\ o Mosquitors Mosquitons g 2
achieved. For this reason, nets wed in the field tests were of = T Coliected Net Collected Night 5
two basic types. The first type of net was 100 per cent cot- Night Outside Contral - g
ton, Both knotted {fishnet) and pressed cotton were studied  —— 7 o e o e =
The second net type was composed of 30 per cent cotton and w : : & : g
30 per cent polvester fiber (Fig. 1). 1t was boped that this =

. was tes o four 1o iy wechs depending on the mosuite
material would prove to have adequate tensile strength and ﬂ:;:}:m ac st for fout to Sy werks depending l
storage life and still retain the required level of repellent. *¢ Netc were treatod at the rate of 13 g zegedlent gm falaic
The storage life of the Qifferent types of material was
tested by placing *-. .ind and untreated nets in plastic bag-
and storing them at roun temperature. The nets wete re-  cent knotted cotten nets placed in storage in 1906 were ofill
moved periodically from 1966 to 1971 and examined. Some  visibly unchanged and usable in 1971, These nets lost little
nets were reintroduced into the field repellency tests to ob-  or no tensile strength during the five-vear stofage perind,
tain observed data en their ability to withstand troop use.  The nets in this serics were treated with N, N-diethyl-meta-
One scries of nets was £xposed to the vutsice environment  joluamide befere storage. It iz not known if this repellent
for five weeks before packaging. They were exposed 10 219+ cnhanced the life of the netting. More impertantly, the
tal of 254 cm of rain during this perivd. Another seties of  chemical did not apparently accelerate detcrivration of the
net: was expo~ed to outside air for six weeks and then pack-  fabric. Several nets stored for three to four years were re-
aged. moved and used in ficld tests to see if they would withstaid
Field 1ests against wild mosquitoes were conducted by fab-  troop handling. Al nets to date have remained unharmed af-
ricating the varicus types of netting into standard sized mili-  (er 10 10 18 nights’ use. Nets expoicd fv the external envi-
tary hed nets (Fig. 21. Each type of net was compared with  ronment were found io be unharmed aiter three years in
the uther type when a specific repelient was being 1ested. Ml siorace. The 50750 nets were placed in the program in 1969,
seties centained untrezted nets 2 checks, Turing the field  and Bave exhibited no deterioration of other underirable
tests, groups of men wete taken to areas containing itk characteristics. Pressed cotton nets weve found to perform
numbers of mosquitoes, Each man erected his net so that all  adcquately under research conditions. but did not withstand
nets were in 2 straight line, upwind from the mosquito rest-  excessive troop handling. The pressed nets were pulled and
ing arcaz. The men entered theit nets about one-half hour  (he even spacing of the threads was dizrupted under rough
before sunset and remained there antil one hour after sunset.  handiing.
since this was the peak mosquito activity perind. Eachman  Most of the bed nets used in the storage tests wete those
uted 2 <mall pen Jight and an aspirator to collect the mosqui-  tkat had been treated and replaced in plastic bags at the end
toes that entered his net. Collections we v made in incre-  of 2 particular season. With some repelients, especially N, N-
ments of 15 minutes. One man served as an outside control  dicthyl-meta-tolmmide, the surfaces of the enamel-painted
during each series of tests, All of the nosquitoes were identi-  storage shelves were damaged by the nets, The plastic bags
fied as to specics, The total per cent effectiveness of the nets  permitted vapor tv 2scape, which caused the paint to disinte-
was ohtained by comparing the net data with the outside grate. The siandardizing of these nets using this chemical
control data. will require packaging desizned to avoid the release of the
The tatal length of each fiekd test was somewhat variable.  repellent.
because of the fluctuation of the mosquito population. The  Several chemicals have been tested and found to provide
tests were designed to run one night a week for six weeks.  excellent results. The authors have sclected one chemical as
provided mosquitoes were present. The six weeks time period  the recommended repellent for bed net<. This chemical, di-
was chosen rathe: atbitrarily. but it seemed reasonable 1o cthyl toluamide, is curvently in the military supply system. It
conclivic that netz aml chemicals would have to curvive for i 1ol as a <kin repelient and is. therefore, available 1o the
ihic minimum period before they could be considered for mil-  field soldicr. The availability of this repelient in the field en-
itary use. Chemicals that showed much promise during their  zyres that it will he possible to re-treat the nets whent neces-
11 rcreening were held over for the next summer’s stidy,  aanv. The use of diethy) toluamide as 2 space net zepellent
In this way. knzlived repellents were given adequate expo-  was studied in over 40 tests {Table 1. Nets containing this
sare. Items other than bed nets have been fabricated and  chemiical were 955 per cent effective for a four to tix-week
ze-ted with the same hasic procedure as that usedd in the bed  period. In one test. two treated nets were tested for six weeks
et studies, and repackaged until the next summer, when they were azain
tusted against field mosquitoes. Both nets provided over 90
Distussion pet cent effectiveness for four weeks. Red nets treated with
The studies invulving “net life™ were oriented to provide  diethy] toluamide effected good repeflency response fror all
the avthors with some insight into the problems that might  of the mosquito specics encountered (Table 11). Some work
be encountered! in standardizing such items as bed nets. Sl with this combination has been conducted in the tropics. 1.
Tife of the items vas of prime consideration. One hundred per ety toluamide treated nets were used in Thailand and
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tion from biting insects. The netting excluded insects, but
allowed air to move in sufficient amounts for good ventila-
tion. Both hearing and sight were improved over old style

—— netting. Specific tests on bed nets revealed that both 100 per

cent cotton and 50 per cent cotton/30 per cent polyester

Genus Specics Getus Spwecics

Sedes atlanticus Anophdes barberi
canadensis ericians
cinerus quadrimessdatus
Iwizus pallens Cules arralicns
infrmalus wigrisalpus
séllicitans pipicns gquingucitscialns
taeniorhyrsckus salirarus
TIIAS

Psocortzg ciliats
confinnis

Joex

fabrics withstood three to five years in storage with little loss
in tensile strength. Exnosute to the environment for up to six
weeks did not visibly increase deterioration time. Both types
of fabric appeared acoeptable with respect to life expectancy
in stotage and field use.

Nets treated with diethy] toluamide provided excellent
protection against all mosquitoes eacountered. Protection
time was found to be in excess of six weeks without re-treat-
ment, 1t was found that nets could be stored for at least one
year and still retain enough repellent to provide in exsess of
90 per cent protection. Other items, such as head nets and
shirt nets, were found to provide the same degree of protec-
tion as the treated bad nets. Wide mesh netting provided

found to provide complete protection for Acdes acgypli and  protection equal to older items without the disadvantapes.

Culex pipiens quinguefasciatus for 16 to 17 weeks? The ex-
act life of the repellent was not determined during the re-
different species. Temperature and other climatic factoss also
affected the lije of the chemical. The data did indicate that
re-tmtmxawytwomonthsmddmmdeduxstcom—
plete protection.

Preliminary resulis have indicated that the proper net-
chemical combisation will provide acceptable in
almont any configuration. Head nets were tested (Fig. 3)
and provided acceptable mosquito protection, while greatly
improving sight, hearing and general comfort. Dop nets for
tents, bunkers and other field shelters have slso been de-
signed (Fig. 4), but have not been tested for eSective life.
Mosquito shirts were constructed of the 50750 fiber and
were found o prevent biting, bat field troops had some diffi-
culty moving through beavy beush. Theee shirts were found
to be particularly desirable to radio operators, because the
net effectively covered the radio, making it exiremely diffi-
cult to locate throueh £eld glasses. Additional tests using di-
ethyl toluamide treated shirts (body nets) were conducted
in Gambela, Ethiopia, during 1970. The nets provided ex-
cellent protection against Cadex swirsitalns neavi, Mansonia
africenns, M. wmiformis, Aedes albothkorax and A. cicumin-
1colus. The members of the field rescarch team utilized the
bedy net for sleeping at times, and found that it provided
good protection without being objectional from a comiort
standpoint. The team did find some cbjection to the odor
when the hirtz were worn in 2 closed, hot trunk.

Sommary

Past experience has shown that there is a great need to
protect the individual combat soldier from vector-borne dis.
eases, B«amoﬂhemmmnbkmmmtmdmm
bat, personal protection of the individual has proven to be
the most practical means of reducing vectored diseases,
Many different chemical repellents and barrier devices have
been used. but all of them have failed to provide the neces-
sary level of protection.

Wide mesh netting treated with a “space repeilent” sach
as diethyl toloamide was found to provide excellent protec-

Increased comfort, sight and hearing greatly improved troop

acceplance of protective items constructed of wide mesh net-
ting.
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